This study described selenium speciation analysis under catalytic activation and/or reduction using silver nanoparticles (AgNPs) in conjunction with common flow injection (FI)-hydride generation atomic absorption spectrometry (HGAAS). Generally, Se (IV) could be directly determined by HGAAS consisting of 0.25%(w/v) NaBH 4 in 0.1%(w/v) NaOH as a reductant and 2 M HCl as carrier solution, while Se (VI) could not be detected. In this regard, AgNPs in which was generated in the presence of 0.25%(w/v) NaBH 4 was accordingly subjected in the same reducing background. Thus, the effects of the AgNPs on various factors affecting the Se analysis were investigated. From the results, it was demonstrated that the AgNPs gave insight into the catalytic activation for Se (IV) analysis, and also acted as pre-reducing agent for Se (VI) compared with 10%(w/v) thiourea/conc. HCl. So, the dispersed AgNPs in the HG system could serve for better sensitivity and selectivity for Se analysis. Furthermore, the conversion of Se(VI) to Se (IV) and its recovery study were validated using both of the pre-reducing agents. Both LOD and LOQ of the method were 0.5 and 1.0 µg L -1 , respectively. The method precision (%RSD) was ranged of 5.69 and 3.23 for an intra-day and an inter-day analysis, respectively. Therefore, the method using AgNPs was successfully applied to determine trace amounts of Se species in drinking water samples and found in the ranges of 0.03-0.10, 0.12-1.0 and 0.22-0.97 µgmL -1 for Se (IV), Se (VI), and total Se, respectively.
INTRODUCTION
Selenium is essential element playing an important role in an anti-oxidation. It can also cooperate with other antioxidants in processes protecting the cells from free radicals. In such manner, it can protect a body from development of cancer, cardio vascular diseases and masculine sterility [1] [2] [3] . It participates in thyroid hormone metabolism and immune system and it inhibits virulence and slows down AIDS development. Furthermore, it can reduce the risk of spontaneous abortions 4 . The balanced selenium content in human food helps connecting with diabetes and also affects the prevention of asthma, and can moderate harmful effects of radiation by free radicals inhibition 5 . Se deficiency is connected with acceleration of senility and development of Alzheimer´s disease. It also affects in a positive manner human mind and mental wellness 6 . However, Se contents in foods and drinks are highly variable, depending on its location. Differences in toxicity occur among their various species because they follow different metabolic pathways 7 . Although precise feeding comparisons of the relative toxicity or nutritive activity of different Se compounds have not yet been made, it is known that selenite is more toxic than selenate 8 . Thus, study of the Se species in water or other sample provides better requirements of this element in the living system.
Total amounts of Se have almost reported. Few methods have been applied for selective determination of Se species in various matrixes. Chromatography coupled with various detectors has been used for separation and determination of all Se species. Few electrochemical methods can also be applied for Se speciation in biological fluids and environmental samples [9] [10] [11] [12] . Either complete mineralization or conversion of Se(VI) to Se(IV) makes sample preparation more complex and increases risk of sample contamination and / or loss of Se. Spectrofluorometry has also been used for determination of Se species 9, 11 . Organoselenium like methyl selenide can be detected by GC associated with various detection systems 13, 14 . The most common way for Se speciation is based on hydride generation (HG) with AAS 11 . Se(IV) is determined directly under HG process, whereas Se(VI) is determined by difference after reduction 15 . Their severe and systematic imprecision are almost due to the use of improper sample decomposition 9, 16 . According to total content of Se determination, the combination of FI technique with HGAAS is widely accepted [17] [18] [19] [20] [21] [22] . The FI-HGAAS was used for the determination of Se(IV) and Se(VI) via on-line pre-reduction of Se(VI) 23 . The method was successfully applied to the speciation analysis of both Se species.
Since only Se(IV) forms its hydride compound, Se(VI) must be completely pre-reduced to Se(IV), if the total Se is determined. When NaBH 4 is used as a common reducing agent for the determination of Se by HGAAS, only SeH 2 is formed. Pre-reducing agent is normally achieved using HCl. The reduction time takes almost a week 24 . If its reduction step works at elevated temperature, it is faster 25, 26 . The reaction time usually varies from 20-45 min 25, 27 . However, too long heating can lead to the appearance of elemental Se 24, 28 . The pre-reduction can also be done using co-reducing agents 27, [29] [30] [31] . Speciation is the identification and quantitative determination of different forms or phases in which a given element occurs in a given substance. In water sample, the form or phase of a given element is clearly defined [32] [33] [34] . The significant determination is not only the total content of the element but its speciation follows from different toxicological effects of different species in the ecosystem. For example, the inorganic Se is a few hundred times more toxic than its methylated forms. The speciation analysis of Se using HGAAS is based on its catalytic activation and/or reduction of hydride generation. Nevertheless, few analytical methods for the selective determination of Se species include ICP-MS, FI-HGAAS, or even coupled with some chromatographic techniques. However, ICP-MS approaches interference among dominant isotope 35 . The chromatographic ones rather give any decomposition of species and peak overlapping problems 36 .Hydride generation is a chemical derivatization technique in which some elements of the periodic table mentioned above form their volatile hydrides as indicated in the following reactions 37 when they react with borohydride as a strong reducing agent and hydrochloric acid as carrier solution. In this technique, elements are separated from other accompanying materials in the gaseous hydrides and are introduced to the sample cell for atomization leaving the sample matrix in the liquid waste. Thus, spectral and chemical interferences can be eliminated. Therefore, the significant increase in sensitivity, by 10-100 folds, over commonly used liquid sample introduction techniques has been reported [38] [39] [40] . Thus, this study was aimed for an ultratrace determination of inorganic Se species present in drinking water samples in order to get either higher sensitivity and/or better selectivity using the dispersed AgNPs in the presence of mild reducing condition. The method development was conducted under their catalytic activation and/or reduction of the as-prepared AgNPs solution in conjunction with common performance of FI-HGAAS.
MATERIALS AND METHODS

Chemicals
Se(IV) (1000 mgL 
Instrument
Selenium measurement was made using an atomic absorption spectrometer of the PerkinElmer AAnalyst 100 (Connecticut, USA) equipped with a flow injection analysis system (FIAS-100, Perkin Elmer Instruments, USA). Argon gas was used as carrier gas for the transposition of Se hydride from the gas-liquid separator to the heated quartz tube atomizer lined with Se hollow cathode lamp (Victoria, Australia). The peristaltic pump, injection time and data acquisition were controlled through Perkin Elmer AA Win lab atomic absorption software version 3.2.
Water sample
Three brands of drinking water samples (S01, S02 and S03) were obtained from a convenient store, Khon Kaen University Foods and Service Center, Khon Kaen, Thailand. The water samples (0.6 L bottled) were instantaneously used without sample pretreatment.
Operational conditions for Se analysis by FI-HGAAS
Preparation of 100 µgL -1 Se(IV) or Se(VI) as working solution was made by three steps dilution from 1000 mgL -1 Se(IV) or Se(VI) stock solution. The step dilution from 10 mgL -1 to 100 µgL -1 Se(IV) was freshly prepared prior to use. Each calibration curve of 5, 10, 15, 20 and 25 µgL -1 for Se(IV) and Se(VI) was separately done in 0.1 M HCl by a series dilution to mark 25-mL volumetric flask from their working solutions. For Se(VI) analysis, the pre-reducing agent (thiourea/conc. HCl or AgNPs) was appropriately added and then diluted to 25 mL with 0.1 M HCl.
For hydride generation, a common reducing agent was chosen using 0.25% (w/v) NaBH 4 which was prepared by dissolving 2.5 g NaBH 4 in 1.0 L of 0.1%(w/v) NaOH. This solution was freshly prepared prior to use. A 2.0 M HCl solution was used as a carrier solution. And 0.1 M HCl was used as a blank solution. The operational conditions for Se analysis using FI-HGAAS were controlled through program AA Win Lab as shown in Table 1 . 
Effect of analytical matrix on Se determination
Although the suitable reducing agents can be applied for Se analysis in real samples, the matrix effect at ultra-trace level of selenium species still appears from the reducing agents used. Thus, the effect of analytical matrices on the absorbance of Se by adding each of the optimal pre-reducing agents into the standard solutions of both Se(IV) and the pre-reduced Se(VI) used as calibration curves, compared with the usual calibration curve of Se(IV) as a control were investigated under the same optimum conditions of the HGAAS. The results obtained from each of their calibration curves of both Se species either with or without the corresponding pre-reducing agents can be compared expressed as relative conversion of the two oxidation state of Se.
Concerning the pre-reduction of Se(VI), thiourea was commonly a choice of use. The concentration of thiourea in conc. HCl was optimized in the range of 5-20% (w/v). The main factors affecting on the pre-reduction were carried out using 5-25 µgL -1 Se(VI) concentration range. By using 20 µgL -1 Se(VI), the effect of the two pre-reducing agents was comparatively studied. The effect of NaBH 4 concentration was varied from 0.25 to 5.0% (w/v). The effect of AgNPs concentration was also investigated between 50 and 500 ppm.
Analytical features of merit
The analytical characteristics of the proposed method for speciation analysis were investigated under the optimum conditions. The studied parameters were linearity, limit of detection (LOD), limit of quantitation (LOQ), precision and accuracy. Linearity was obtained from calibration plot. The calibration plots were studied by analysis of standard mixtures with various concentrations ranging from 0.5 to 100.0 µgL -1 of Se(IV). All the standard mixtures of Se(IV) and Se(VI) were prepared in the same manner. LOD and LOQ of the method were deduced based on the signal to noise ratio (S/N) of 3 and 10, respectively. The precision of the proposed method was evaluated in terms of reproducibility and repeatability of the calibration slope. The repeatability (intra-day precision) was achieved by replicating measurements of the calibration slop within a day (n = 10). Whereas, the reproducibility (inter-day precision) was calculated from the experiments carried out in ten consecutive days (n = 10). The accuracy of the method was expressed in terms of recovery. The recovery was studied by spiking a known concentration of standard into samples before analysis in nine replicates. To test the recovery study of real sample in order to restrict other matrix effects of the water samples, each of the suitable pre-reducing agents was chosen and applied by spiking each standard solution of Se(IV) and Se(VI) at 20 µgL -1 , and both Se species at 20 µgL -1 into the drinking water sample S01as a model solution.
Real sample analysis
The Se(IV) content in drinking water sample (25 mL) was directly determined by FI-HGAAS. While the Se(VI) in this sample was completely pre-reduced to get Se(IV) by using 10% (w/v) thiourea/conc. HCl Se(VI)prior to analysis.
RESULTS AND DISCUSSIONS
Reducing back ground of HG and AgNPs solution In this study, it was aimed to find a novel point of views for method development of selenium analysis under catalytic activation and/or reduction of silver nanoparticles (AgNPs) using FI-HGAAS. In fact, Se(IV)in water sample could be directly determined by HGAAS. Practically, in this study the on-line HG of Se(IV) was done under mild reducing conditions consisting of 2 M HCl as a carrier solution and 0.25% (w/v) NaBH 4 in 0.1% (w/v) NaOH as a common reducing agent. Thus, trace amount of dispersed AgNPs in the reducing background might take action roles on either as heterogeneous catalystor as reducing agent for higher detection sensitivity.
Firstly, AgNPs at the concentration of 500 mgL -1 were obtained by an addition of silver nitrate solution drop wise into chilled solution of sodium borohydride. Two-fold molar excess of boro hydride to Ag + was used. The reaction solution turned yellow representing the characteristics of the spherical AgNPs. The concentration of NaBH 4 had a significant effect on the absorbance of the particles. An increase in the absorbance of AgNPs with various NaBH 4 concentrations was observed as shown in Figure 1 .
The absorbance of AgNPs increased considerably with an increasing the boro hydride concentrations from 0.25 to 0.75% (w/v). However, the minimum concentration of 0.25% (w/v) NaBH 4 was chosen for background reduction in further experiments. On the other hand, the amount of AgNO 3 could also be affected on the production of AgNPs as well, if there was no complete reduction by the borohydride. Figure 2 shows the increase in the absorbance of AgNPs with an increasing of Ag + . The absorbance increased markedly with an increase in two concentration ranges; initial range between 0.005 and 0.01 g and the other one between 0.04 and 0.05 g. Thus, the minimum amount of 0.01 g AgNO 3 was used, giving the maximum wavelength at 355 nm of the AgNPs solution.
Effect of the AgNPs on the FI-HGAAS system Effect of the AgNPs on the carrier solution
Using 2 M HCl as a carrier solution in the FI-HGAAS, the addition of 100 ppm AgNPs solution with various volumes from 0.1 -0.5 mL into the carrier solution resulted in the differences in their Se calibration curves ranging of 5-25 µg L -1 . It was found that 0.3 mL of the AgNPs solution gave higher sensitivity (about 1.6 folds) as the observed slope of the regression line: y = 0.0146x + 0.0496 with R 2 = 0.9914 compared with that of the control one: y = 0.0092x + 0.0225 with R 2 = 0.9988 (Fig. 3) .
Effect of the AgNPs on the borohydride concentration
Addition of 0.3 mL of AgNPs solution (100 ppm) into the NaBH 4 solution with various 
Effect of the AgNPs on series solution of Se(IV) calibration
The addition of 100 ppm AgNPs solution with various volumes of 0.1-0.5 mL into the series standard solution of Se(IV) for construction of the calibration curve. It was found that 0.2 mL of the AgNPs gave higher sensitivity (about 1.7 folds) as y = 0.0163x + 0.0591 with R 2 = 0.9996 compared with that of the control: y = 0.0098x + 0.0236 with R 2 = 0.9933 as shown in Figure 5 .
Effect of the AgNPs on the pre-reduction of Se(VI) solution
The AgNPs (100 ppm) was generated in the presence of 0.5% (w/v) NaBH 4 and then was added with various volumes of 0.5-3.0 mL into the Se(VI) solution. It was found that the use of 1.0 mL of the AgNPs solution gave the highest absorbance (Fig. 6) .
Effect of thiourea concentration/conc. HCl for Se(VI) determination
The concentration of thiourea used as a common pre-reducing agent was investigated in the range of 5.0-20% (w/v) with fixed 2 mL of conc. HCl, and diluted to 25 mL with deionized water prior to analysis by FI-HGAAS. As shown in Figure 7 , it was found that 10% (w/v) thiourea/conc. HCl gave the highest absorbance of Se(VI) among other conditions trialed in this experiment.
Selenium speciation analysis Effects of thiourea/conc. HCl and AgNPs on Se species
The calibration curves of Se(IV) standard solution in the presence of either 10% (w/v) thiourea/ conc. HCl or the AgNPs solution (100 ppm, 1 mL) compared with that of Se(IV) standard solution in the absence of the pre-reducing agent as a control, were constructed with their linear equations as shown in Figure 8 . Differences in sensitivity depicted as its slope of their calibration curves were rather clear in particular using AgNPs about 5 folds with respect to the control, indicating that there is no matrix effect for Se(IV) analysis. In addition, it was evident that the catalytic activation of the dispersed AgNPs on the calibration curve of Se(IV) was predominantly remark. While the sensitivity affected using 10% (w/v) thiourea/conc. HCl was much more pronounced.
In the same manner for Se(VI) standard solution with both of the pre-reducing agents, it was found the sensitivity of Se(VI) calibration curve (y = 0.008x + 0.012, R 2 = 0.994) in the presence of 10%(w/v) thiourea/conc. HCl (Fig.9) was not so much different with that of Se(IV) solution (y = 0.002x + 0.024, R 2 = 0.988) (Fig. 8) . While Se(VI) solution (y = 0.010x + 0.010, R 2 = 0.998) in the presence of the AgNPs gave higher sensitivity about 1.25 folds comparing with that of Se(IV) solution (y = 0.008x + 0.010, R 2 =0.995) (Fig. 8) , even it was nearly comparable to that (y = 0.008x + 0.012, R 2 = 0.994) of using 10% (w/v) thiourea/conc. HCl (Fig. 9) . It is, therefore, demonstrated that the AgNPs present distinct roles as plausible catalytic activation and pre-reduction potential instead of using only as the common pre-reducing agent. Actually, their slopes of the two pre-reduction systems of Se(VI) also gave not much difference in the matrix effect, if they were used as the standard working solution which could be tested for the efficiency of their reduction/conversion system. All of these prereducing agents can be used to completely convert Se(VI) to Se(IV) for the inorganic Se determination. Alternatively, the addition of the AgNPs into the Se(VI) solution led clearly to increase its sensitivity and selectivity for Se speciation analysis.
Relative conversion of Se species and their recovery study
For comparing between the percentage conversion and their recovery study of Se(IV) and Se(VI) using the two pre-reducing systems, they were determined by their different calibration curves as shown in Table 2 . The results indicated that the prereducing agents including 10% (w/v) thiourea/conc. HCl and the AgNPs solution show similar trends in both relative conversion and its recovery when using the same calibration curve. Therefore, both of the pre-reducing agents should be suitable to reduce Se(VI) to Se(IV). Then, two optimal pre-reducing agents were chosen. Both conversion (96.9-103.8%) and recovery (102.4-106.7%) are found in similar trends when using Se(IV) as control and Se(IV) in the presence of the pre-reducing agents as their calibration curves.
The satisfied trends in both conversion (104.8-115.2%) and its recovery (101.6-123.1%) of both Se species (total Se) followed by 10% (w/v) thiourea/conc. HCl were also found for Se(VI) as well. Consequently, both of them can be used as the calibration curve for the determination of inorganic Se species and total Se in water samples.
Analytical performance characteristics
The analytical performance of the FI-HGAAS system was evaluated under the optimum conditions including calibration curve, both LOD and LOQ, precision and accuracy (recovery) were investigated.
The calibration curve was constructed between 0.1 and 50.0 µg L -1 Se(IV) standard solution, but the linearity was maintained up to 100.0 µg L -1 (y = 0.006x + 0.015) with a correlation coefficient (R 2 ) greater than 0.9961. The LOD and LOQ calculated as three and ten times standard deviation of absorbance of 10 reagent blanks divided by the standard calibration slope of Se(IV) were found to be 0.5 µg L -1 and 1 µg L -1 , respectively. This LOD was found less than those previously reported 41, 42 . Reproducibility (inter-day precision) and repeatability (intra-day precision) were investigated in terms of relative standard deviation (%RSD, n = 10) as shown in Table 3 . The precision of the calibration curve of Se(VI) solution between 5 and 25 µg L -1 was in the acceptable ranges of RSD between 3.23% and 5.69% for an inter-day and an intra-day analysis, respectively. The results gave rather higher precision for each of the calibration curve for Se analysis.
The accuracy of the proposed method was certainly concerned in terms of recovery. The recovery study of Se(IV), Se(VI) and both Se species using the two pre-reducing agents was shown in Table 4 . The average recoveries (%) of Se(IV), Se(VI) and total Se in the water sample (S01) using 10% (v/v) thiourea/conc. HCl were found to be 85.57, 103.2 and 84.85, respectively. The recoveries (%) of Se(IV), Se(VI) and total Se using 100 ppm AgNPs found in that water sample were also ranged of 83.48, 98.90 and 83.10, respectively. The recoveries of the Se species in three brands of drinking water samples (S01, S02 and S03) followed by the prereduction with 10% (v/v) thiourea/conc. HCl were shown in Figure 10 . Their average recoveries (%) of Se(IV), Se(VI) and total Se in the drinking water samples were ranged between 92.0-98.9, 79.9-90.2 and 78.9-88.3, respectively. And from Figure  11 , the average recoveries (%) followed by using the AgNPs of Se(IV), Se(VI) and total Se found in these water samples were also ranged in between 92.95.9, 87.9-90.5 and 83.6-88.5, respectively. This is demonstrated that using the AgNPs instead of any common pre-reducing agent for Se speciation can be an effective work done as well.
Analysis of real samples
Generally, the residual organic matter could interfere the hydride generation. Table 5 shows the amounts of Se determination in three brands of drinking water (S01, S02 and S03). The concentration of Se(VI) was calculated as the difference between total Se and Se(IV). These samples gave at trace Se contents (µg mL -1 ) ranging from 0.03-0.10, 0.12-1.0 and 0.22-0.97 for Se(IV), Se(VI), and total Se, respectively. Concerning the inorganic Se species in these water samples, the Se(VI) is found in higher contents than the Se(VI).
Effect of some interfering ions
An interference of some diverse ions was also examined in triplicate. Several other ions were added at the concentrations of 1 mg L -1 or 10 mg L -1 into 0.1 mg L -1 of Se(IV) standard solution. Their Table  6 . While the effects of Zn(II), Cr(III) and Fe(II) were negligible, serious negative interferences were observed from Cu(II) and As(III). This negative interference probably occurred because Cu(II) reacted with the produced H 2 Se to form CuSe 43, 44 . Fortunately, there was no interference from 0.1 mg L -1 Cu(II), and the contents of Cu(II) found in waste samples were about 0.001 mg L -1 . Therefore, the effects of Cu(II) will be negligible for these drinking water samples as well. Testing of As(III) was also done and their As contents found in these water samples were less than 0.001 mg L -1 , and the interference from As(III) at this level was neither negligible.
CONCLUSION
In this study, the inorganic selenium speciation under catalytic activation and/or reduction using silver nano particles (AgNPs) in association with FI-HGAAS was developed for the first time. The AgNPs were freshly prepared by a dropwise addition of silver nitrate into chilled aqueous solution of twofold molar excess of sodium borohydride, giving the pale yellow solution with an intense maximum absorption at 335 nm. By using AgNPs in the presence or the absence of borohydride, the results demonstrated that they acted not only as a catalytic activation for Se(IV) but also as a pre-reducing agent for Se(VI) analysis. Therefore, the dispersed AgNPs could enhance in both selectivity and sensitivity for ultra-trace determination of selenium in water samples.
